BACKGROUND
==========

Chronic venous insufficiency (CVI) encompasses a wide spectrum of venous diseases, such as telangiectasia, reticular veins, and varicose veins (VV) as well as complications, such as venous ulcer or thrombosis. VV is one of the common clinical manifestations of CVI, defined as dilated and tortuous superficial veins of the lower extremities. It commonly occurs in the lower extremities, such as legs, and occurs rarely in the scrotum and anus. The commonly involved veins are the great saphenous vein, small saphenous vein, and perforating vein, but any vein can be involved \[[@B1]\]. The diagnosis of VV is made using portable Doppler ultrasonography. The cutoff threshold time of VV is 0.5 seconds, and pathologic reflux is confirmed when the time is over 0.5 seconds. Surgical treatment is recommended to prevent the recurrence of VV. Even though the mechanism of VV formation is not clearly known, it is known that malfunctioning of the venous valve induces venous wall dilatation and the resulting structural changes in the vein cause valve insufficiency \[[@B2]\]. The prevalence of VV ranges from 10% to 40% \[[@B3][@B4]\]. In the National Venous Screening Program conducted in the US, the prevalence of VV was over 30% in all participants \[[@B5]\]. VV is more common in women than in men \[[@B6]\], and its prevalence increases in older age groups. The incidence of VV is estimated to be 5% \[[@B7]\]. The risk factors for VV are old age, obesity, smoking, low level of physical activity, family history of venous disease, pregnancy, and menopause state \[[@B8][@B9][@B10]\]. Additionally, there are several studies on VV and occupational factors, such as working posture. Prolonged standing at work and occupations involving heavy lifting are considered important risk factors \[[@B11][@B12]\]. One study used the data on standing or walking hours and found that the risk of VV increased for occupations with long standing/walking hours \[[@B12]\]. Another study suggested that the work condition in specific occupations is a risk factor for VV \[[@B13]\]. It is important to analyze the epidemiological scale of this disease using large-scale data such as Korea\'s National Health Insurance (NHI) and National Employment Insurance (NEI). This aim aimed to investigate the general characteristics and prevalence of VV according to the working posture.

METHODS
=======

Study data
----------

In this study, we used the NHI and NEI data. The NHI system categorizes insured persons into groups of workplace-insured individuals with their dependents and regionally insured individuals. Workplace-insured individuals are workers of all workplaces, including government officers and school personnel and their dependents, such as the spouse, linear ascendants, and linear descendants.

Regionally insured individuals are those other than workplace-insured individuals. In the NEI system, all workplaces with at least one worker need to be registered, but the exceptions are those with workers working less than 15 hours a week, including government officers and school personnel. The 2 datasets were matched using the registration number of the participants and synchronized. Variables such as age, gender, body mass index (BMI), smoking, alcohol consumption, date of medical care, and diagnosis code were extracted from the NHI data and occupation categories, size of workplace, and number of workers according to age and occupation/industry were obtained from the NEI data.

The participants were divided into 7 groups of 10-year intervals. Participants\' BMI was \> 26 kg/m^2^ or ≤ 26 kg/m^2^. Diabetes mellitus (DM), smoking, and alcohol consumption status were determined on the basis of participant response of yes or no. Working period was divided into more or less than 5 years, and workplace size was divided into 4 levels; 5--49, 50--299, 300--999, and \> 1,000 people. SAS Enterprise Guide 7.1 (SAS Institute, Inc., Cary, NC, USA) software was used to match the extracted NHI and NEI data for analysis.

Data source of study participants
---------------------------------

We requested the data which enroll individuals diagnosed with one of the VV codes, I830, I831, I832, I839, or I868, as a main or minor diagnosis but not diagnosed in dental clinics, oriental medical clinics, and other departments such as pediatrics, ophthalmology, otorhinolaryngology, and radiation oncology to increase the accuracy of diagnosis. Only the first medical record was considered to avoid overlap. As government officers and school personnel were not enrolled in the NEI data, only general employees of enterprises and businesses were included in the matched data. About 15% of the data were not matched and thus excluded. For calculating the number of patients per 100,000 individuals, we set the number of enrolled persons according to the age, gender, occupation in 2012 as the denominator and the number of patients who were diagnosed with VV from 2008 to 2015 as the numerator. This study focused on the proportion of VV patients according to variables such as age, gender, and occupation type. The flowchart of study participants is presented in [Fig. 1](#F1){ref-type="fig"}.

![Flowchart of selection of study participants.\
NEI: National Employment Insurance; NHI: National Health Insurance; BMI: body mass index.](aoem-32-e21-g001){#F1}

Classification of occupations
-----------------------------

According to the 2007 Korea employment classification of occupations, we classified 240 occupations into blue-collar (BC) or white-collar (WC) occupations. The classification was carried out by 2 or more researchers using the office/non-office classification criteria of the Occupational Safety and Health Act. The enforcement regulations of the Industrial Safety and Health Act defines WC workers as workers who work in office work, personnel, accounting, sales, and design, and the others as BC workers. As for working posture, the 240 occupations were classified into 3 groups with 2 experts\' opinion: standing, walking, and sitting groups. The distribution was based on experts\' opinions, with agreement between more than 2 experts. The criterion was the dominant position taking more than half (4 h/day) of the working hours. The reference time was 8 hours in a specific working posture in one working day. Participants with occupations involving standing and walking for more than 4 h/day were allocated to the standing and walking group respectively, and those involved in occupations involving standing/walking for less than 4 h/day were allocated to the sitting group. Those spending more time standing were allocated to the standing group and those having more walking hours, to the walking group.

Analysis
--------

χ^2^ test was performed to compare the general characteristics of VV patients. Frequency analysis and χ^2^ test were performed using the SAS version 9.2 (SAS Institute, Inc.) software.

Ethics statement
----------------

This study was approved by the National Health Insurance Service (NHIS-2018-1-400).

RESULTS
=======

General characteristics
-----------------------

[Table 1](#T1){ref-type="table"} describes the general characteristics of the study participants. The number of enrolled patients was the highest in the 40--50-year age group for both men (24,735, 26.1%) and women (38,424, 29.3%). Further, 3,209 (3.3%) men and 1,335 (1.0%) women had DM, and 20,227 (21.4%) men and 13,545 (10.3%) women had a BMI of \< 26 kg/m^2^. In total, 30,349 (38.5%) men and 3,028 (2.9%) women smokers were diagnosed with VV. Most of the VV patients worked less than 5 years---63,594 (67.2%) men and 107,415 (82.0%) women. The distribution of VV patients according to workplace size was uneven, with a higher proportion of men in the 50--300 employees workplace and a higher proportion of women in the \> 1,000 employees workplace ([Table 1](#T1){ref-type="table"}).

###### General characteristics of the study participants

![](aoem-32-e21-i001)

  Variables             Category        Men (%)          Women (%)       *p*-value^a^
  --------------------- --------------- ---------------- --------------- --------------
  Age (years)           \< 20           86 (0.1)         292 (0.2)       \< 0.001
  20--29                8,428 (9.0)     27,195 (20.7)                    
  30--39                22,929 (24.2)   28,800 (22.0)                    
  40--49                24,735 (26.1)   38,424 (29.3)                    
  50--59                23,691 (25.0)   28,916 (22.1)                    
  60--69                12,234 (12.9)   6,918 (5.3)                      
  ≥ 70                  2,597 (2.7)     579 (0.4)                        
  BMI (kg/m^2^)         ≥ 26            20,227 (21.4)    13,545 (10.3)   \< 0.001
  \< 26                 74,473 (78.6)   117,579 (89.7)                   
  DM                    Yes             3,209 (3.3)      1,335 (1.0)     \< 0.001
  No                    91,491 (96.7)   129,789 (99.0)                   
  Smoking^b^            Yes             30,349 (38.5)    3,028 (2.9)     \< 0.001
  No                    48,436 (61.5)   102,670 (97.1)                   
  Alcohol drinking^c^   Yes             48,326 (68.3)    33,473 (34.7)   \< 0.001
  No                    22,416 (31.7)   62,870 (65.3)                    
  Work period (years)   ≥ 5             31,106 (32.8)    23,709 (18.0)   \< 0.001
  \< 5                  63,594 (67.2)   107,415 (82.0)                   
  Number of employees   \< 5            9,472 (10.0)     18,163 (13.9)   \< 0.001
  5--50                 30,809 (32.5)   46,785 (35.7)                    
  50--300               22,529 (23.8)   28,891 (22.0)                    
  300--1,000            11,376 (12.0)   13,527 (10.3)                    
  \> 1,000              20,514 (21.7)   23,758 (18.1)                    
  Total number                          94,700           131,124         

BMI: body mass index; DM: diabetes mellitus.

^a^χ^2^ test according to sex, BMI, DM, smoking, drinking, work period, and number of employees; ^b^Missing value: 41,341; ^c^Missing value: 58,739.

Number of VV patients according to gender and age
-------------------------------------------------

We calculated the number of VV patients per 100,000 individuals according to age. Among the 5,978,213 men and 3,742,339 women who were NEI subscribers, the proportion of VV was higher in women (3,503.8) than men(1,584.1). The proportion of VV cases increased with age, regardless of sex ([Table 2](#T2){ref-type="table"}).We analyzed the number of patients according to age and occupation type. In both occupation types, the number of patients per 100,000 individuals increased with age ([Table 3](#T3){ref-type="table"}). For all age groups and both sexes, the proportion of VV cases was higher in the BC group than in the WC group. In all working posture groups, the proportion of VV were higher in women than in men ([Table 3](#T3){ref-type="table"}).

###### The proportion of varicose vein cases with NEI data according to gender and age
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  Age (years)   Men         Women                                     
  ------------- ----------- -------- ---------- ----------- --------- ----------
  \< 20         165,729     86       51.9       292,673     292       99.8
  20--29        1,642,481   8,428    513.1      1,283,310   27,195    2,119.1
  30--39        1,902,452   22,929   1,205.2    977,270     28,800    2,947.0
  40--49        1,359,323   24,735   1,819.7    787,600     38,424    4,878.6
  50--59        675,166     23,691   3,508.9    333,426     28,916    8,672.4
  60--69        215,266     12,234   5,683.2    65,064      6,918     10,632.6
  ≥ 70          17,796      2,597    14,593.2   2,996       579       19,325.8
  Total         5,978,213   94,700   1,584.1    3,742,339   131,124   3,503.8

NEI: National Employment Insurance.

^a^Number of NEI subscribers in 2012, ^b^Number of patients with varicose vein, ^c^Number of patients per 100,000 individuals.

###### Number of patients per 100,000 individuals according to age and occupation type
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  Age (years)   Blue-collar   White-collar                                    
  ------------- ------------- -------------- ---------- ---------- ---------- ----------
  \< 20         54.8          141.0          101.2      46.2       61.8       57.8
  20--29        638.0         3,184.4        1,487.7    382.4      1,592.4    1,670.1
  30--39        1,306.5       2,825.7        1,789.2    98.4       2,893.7    1,670.1
  40--49        1,894.6       4,791.2        3,079.1    1,515.6    4,873.5    2,546.0
  50--59        3,869.4       8,680.9        5,750.5    2,699.7    8,253.3    4,016.6
  60--69        7,322.8       9,854.8        8,252.6    4,492.8    13,009.2   5,356.7
  ≥ 70          21,845.7      20,504.9       21,465.3   11,792.3   16,966.8   12,183.8

Survey of working posture groups
--------------------------------

We classified the workers in 240 occupations into BC and WC groups and further divided each group according to the working posture into sitting, standing, and walking groups. The number of VV per 100,000 NEI population was higher in the BC (2,547.8) than in WC group (1,748.7). Considering the gender, the prevalence of VV was higher among women than men, in both BC (men: 1,696.8, women: 4,019.0) and WC groups (men: 1,181.3, women: 2,550.1) ([Fig. 2](#F2){ref-type="fig"}).

![Number of patients with varicose vein per 100,000 individuals according to occupation type and gender.\
M: male; F: female; BC: blue-collar; WC: white-collar.](aoem-32-e21-g002){#F2}

According to the working position of BC workers, the number of VV patients per 100,000 individuals was highest in the standing group (3,042.4), followed by the walking group (2,643.8), and sitting group (1,483.2). In men, the proportion of VV patients was the lowest in the sitting group (1,057.5), and there was no significant difference between the standing group (1,805.6) and walking group (1,839.7) (*p*-value = 0.08). In women, the proportion was highest in the standing group (4,649.8), followed by the walking group (4,061.1) and sitting group (2,499.2) (*p*-value \< 0.001). Unlike BC workers, t WC workers consisted of only the standing and sitting group. The proportion of VV cases was higher in the standing group (3,034.1) than in the sitting group (2,550.5) in WC workers. In men, there was no significant difference between the 2 groups (standing group: 1,190.1, sitting group: 1,189.3; *p*-value = 0.76). In women, the proportion of VV was higher in the standing group (3,034.1) than in sitting group (2,550.5) (*p*-value \< 0.001) ([Fig. 3](#F3){ref-type="fig"}).

![(A) Number of patients with varicose vein per 100,000 individuals according to occupation type and working posture. (B) Number of patients with varicose vein per 100,000 individuals according to gender, occupation type, and working posture.\
M: male; F: female; BC: blue-collar worker; WC: white-collar worker.\
The χ^2^ test according to each groups, ^a^*p*-value \< 0.001; ^b^*p*-value = 0.082; ^c^*p*-value = 0.766.](aoem-32-e21-g003){#F3}

Further, we extracted the occupations that had a high proportion of VV cases. Occupations with a small number of employees were excluded. In the BC group, the proportion of VV cases was the highest among medical and welfare-related elementary workers (11,068.6), bakers and cookie makers (9,152.5), automobile assemblers (8,106.4), cleaning and guarding-related elemental workers (7,921.0), and nurses and dental hygienists (7,281.2). For the men in the BC group, guards (5,564.7), cleaning and guarding-related elemental workers (5,524.0), automobile assemblers (5,191.9), medical and welfare-related service workers (5,161.3), and bakers and cookie maker (4,960.3) comprised the high-risk occupations. For women in the BC group, automobile assemblers (16,764.5), bakers and cookie makers (13,560.5), medical and welfare-related elementary workers (11,633.4), medical and dental equipment technicians (9,941.5), and meter reading or money collecting and parking-related workers (9,344.9) comprised the high-risk occupations. In the WC group, food/lodging/tourism/entertainment and sports-related manager (10,963.5), environment and cleaning, and protective service-related manager (7,556.9), finance and insurance-related clerk (4,964.4), accounting book-keeping clerk (4,953.6), and social welfare and counseling professional (4,671.7) were the high-risk occupations. For men in the WC group, food/lodging/tourism/entertainment and sports-related manager (5,930.9), Environment/cleaning/protective service-related manager (5,892.7), finance and insurance clerk (3,624.9), sales and transport manager (2,871.8), and administration and business support clerk (2,780.2) were the high risk occupations. For women in the WC group, food/lodging/tourism/entertainment and sports-related manager (15,322.8), environment and cleaning, and protective service-related manager (10,475.1), business and sales-related manager (9,795.8), administration and business support clerk (6,341.6), and product-related manager (5,105.5) were the high-risk occupations ([Table 4](#T4){ref-type="table"}).

###### Occupations of high proportion of varicose veins according to gender and occupation type
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  Type of occupation                                        Men                                                            Women                                                          Total                                                                                                                                                                                    
  --------------------------------------------------------- -------------------------------------------------------------- -------------------------------------------------------------- -------------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------------- ----------
  BC                                                        Guard                                                          5,564.7                                                        Automobile assembler                                           16,764.5                                                  Medical and welfare-related elementary worker                   11,068.6
  Cleaning and guarding-related elemental worker            5,524.0                                                        Baker and cookie maker                                         13,560.5                                                       Bakers and cookie maker                                   9,152.5                                                         
  Automobile assembler                                      5,191.9                                                        Medical and welfare-related elementary worker                  11,633.4                                                       Automobile assembler                                      8,106.4                                                         
  Medical and welfare-related elementary worker             5,161.3                                                        Medical and dental equipment technician                        9,941.5                                                        Cleaning and guarding-related elemental worker            7,921.0                                                         
  Bakers and cookie maker                                   4,960.3                                                        Meter reading or money collecting and parking-related worker   9,344.9                                                        Nurses and dental hygienist                               7,281.2                                                         
  WC                                                        Food/lodging/tourism/entertainment and sports-related manage   5,930.9                                                        Food/lodging/tourism/entertainment and sports-related manage   15,322.8                                                  Food/lodging/tourism/entertainment and sports-related manager   10,963.5
  Environment/cleaning/protective service-related manager   5,892.7                                                        Environment/cleaning/protective service-related manager        10,475.1                                                       Environment/cleaning/protective service-related manager   7,556.9                                                         
  Finance and insurance-related clerk                       3,624.9                                                        Business and sales-related manager                             9,795.8                                                        Finance and insurance-related clerk                       4,964.4                                                         
  Sales and transport manager                               2,871.8                                                        Administration and business support clerk                      6,341.6                                                        Accounting book-keeping clerk                             4,953.6                                                         
  Administration and business support clerk                 2,780.2                                                        Product-related manager                                        5,105.0                                                        Social welfare and counseling professional                4,671.7                                                         

BC: blue-collar; WC: white-collar.

^a^Number of patients per 100,000 individuals.

DISCUSSION
==========

This study aimed to investigate the difference in the proportion of VV patients according to gender, age, and most importantly, occupational working posture and determine the high-risk occupations. In this study, the proportion of VV was greater among women than men and in the BC group than in the WC group. In the BC group, the proportion of VV cases was the highest in the standing group, followed by the walking group and sitting group, but did not show difference between standing and working group among men. In the WC group, the standing group had a higher proportion of VV cases than the sitting group, and there was similar proportion between the standing and sitting among men.

In this study, the number of patients per 100,000 increased with the age, regardless of gender and occupation type. Many studies have found a significant correlation between age and incidence of VV \[[@B14][@B15]\]. Our result was compatible with that of other studies, namely we found an increase in the proportion of VV cases with age, especially in the over 60 years age group. As we covered currently working subjects enrolled in the NEI data, the pattern of increasing proportion with age could have been influenced by working status. Our findings also indicated that the proportion of VV among women was about 2.3-fold higher (3,411.9) than men (1,505.7). The gap in the proportion between sex was higher for the BC than WC group. In many studies, VV was found to be more common in women than men \[[@B6][@B16]\] because venous dysfunction is associated with the hormonal effect of pregnancy, and women tend to frequently present with VV and receive treatment for the same, leading to overestimation. On the other hand, several studies have reported a higher prevalence of VV among men \[[@B17][@B18]\], mainly due to the influence of occupational risk factors \[[@B5][@B13][@B19]\]. Although our results showed high proportion of VV in women than in men, it is limited to say our results were influenced by these factors because they were not adjusted by age and occupations. Further study about the effect of sex and occupations on varicose vein is needed.

To analyze the impact of occupational working position on the prevalence of VV, 240 occupations were categorized into standing, walking, and sitting position by 2 experts according to the dominant posture during the working hours. In this study, the standing group had the highest proportion of VV cases in both BC and WC groups. For women, the number of VV patients for 100,000 individuals was the highest in the standing group, followed by the walking group and sitting group in both BC and WC groups. For men in the BC group, the proportion of VV cases was higher in the standing and walking groups than in sitting groups, with no significant difference between the standing and walking groups. For men in the WC group, there was no significant difference between the proportion of VV cases in the standing group and sitting group. Several studies have suggested the association between prolonged standing and VV \[[@B11][@B12][@B20][@B21][@B22]\]. VV is associated with prolonged standing at work and also sedentary work \[[@B6][@B23]\]. In the BC group, the proportion of VV among men was higher in the standing and walking groups than in the sitting group. One of the reasons is the lack of a clear dominant working posture in several occupations. Another reason is that men are likely exposed to other occupational risk factors, such as heavy lifting, adding to the prolonged standing effect in the walking group than in the standing group. In the WC group, there was no difference between the standing group and sitting group. As WC workers tend to sit more than BC workers, even for occupations in the standing group, the influence of standing on VV could be weakened.

We extracted the high-risk occupations for VV in the BC and WC groups. In the BC group, the proportion of VV cases was the highest for the medical and welfare-related elementary worker, baker and cookie maker, automobile assembler, cleaning and guarding-related elemental worker, and nurse and dental hygienist occupations. In the WC group, the proportion of VV cases was high for the food/lodging/tourism/entertainment and sports-related manager, environment/cleaning/protective services-related manager, finance and insurance-related clerk, accounting book-keeping clerk, and social welfare and counseling professional occupations. A few studies were performed on the association between VV and occupations such as hairdresser and nurse, but no study has determined high-risk occupational groups. One study examined the health status of hospital employees and reported a noticeable VV prevalence \[[@B24]\]. These findings suggest the need for further studies on the occupational risk factors of VV and preventive policies for high-risk groups.

For classifying the occupations into 3 categories, we defined the standing group as involving standing for more than 4 h/day, walking group as involving walking for more than 2 h/day, and sitting group as involving standing/walking for less than 4 h/day. Therefore, the sitting group represents fewer standing hours and not sedentary occupations. In other articles, there were different criteria and there is no consensus on how to categorize the working posture among workers. One study used a questionnaire asking, "Does your work entail that you sit?" with 6 response options: "almost all the time," "approximately 3/4 of the time," "approximately 1/2 of the time," "approximately 1/4 of the time," "seldom," and "never" \[[@B11]\]. Another study used the criterion of standing/walking for less than 4 h/day or more than 6 h/day \[[@B12]\]. Other studies divided the 3 groups depending on the working condition: prolonged standing (≥ 5 hours), prolonged standing (≥ 5 hours) with substantial movement, and not standing for a prolonged time (\< 5 hours) \[[@B25]\]; this concept is similar that used in our study \[[@B25]\]. Several studies focused on the effect of prolonged standing at work among nurses and used the criteria of less than 2 hours, between 2 and 4 hours, and more than 4 hours, for standing, walking, and sitting time \[[@B21][@B22]\].

Our study enrolled 9,720,552 subjects in 240 different occupations, so the strength of our study is that we could analyze a large amount of data according to the working posture of different occupations. By comparing occupations with large and small number of patients, we could estimate the occupational risk factor for VV. It is one of the largest studies to investigate the prevalence of VV in occupations with different dominant working postures. One of the limitations of this study is the coverage of data. Private school faculty and public service officials were not enrolled in the data and about 15% of NHI and NEI data were lost because of mismatch. The study included workers enrolled in the NEI data, not the general population, so the sociodemographic characteristics of our sample cannot represent the general situation. Another one is the limitation of study design. As we could not get individual person-year information, we used the number enrolled workers in 2012 as a denominator to find distribution of varicose vein patients among diverse occupations. We assumed that there are no migration between BC and WC workers from 2008 to 2015, and the age-distribution is fixed. As we represented the number of VV patients among 100,000 workers without standardization of age, it is restricted to interpret the value as prevalence. Also the experts who designated the categories for the 240 occupations could have made some errors. Despite of these limitations, our study is the first to compare different occupations and can be used as the basis for further cohort studies on occupational risks for VV. We need to include government officers and school personnel and unmatched workers and further analyze the occupational burden of VV in specific high-risk occupations.

CONCLUSIONS
===========

The proportion of VV cases increased with age and was higher among women than men. Furthermore, the number of VV patients was higher in the BC group than in the WC group. In the BC group, the number of VV patients was the highest in the standing group, followed by the walking group and the sitting group. In the WC group, there was no walking group and the proportion of VV cases was higher in standing group than in the sitting group. For women, the standing group had the highest proportion of VV cases in both groups. In the BC group, the standing or walking group had a significantly higher prevalence of VV than the sitting group, but there were no significant difference between the standing group and sitting group for men. In the WC group, there was no significant difference between the standing group and walking group for men. In the BC group, the proportion of VV patients was the highest in the medical and welfare-related service worker, baker and cookie maker, automobile assembler, and cleaning and guarding-related elemental worker, and nurses and dental hygienist occupations. In the WC group, the proportion of VV patients was highest in the food/lodging/tourism/entertainment and sports-related manager, environment/cleaning/protective services-related manager, finance and insurance-related clerk, accounting and book-keeping clerk and social welfare and counseling professional occupations. This study covered diverse occupations using large-scale datasets. The findings can help determine the occupational risk factors for VV as a musculoskeletal burden. Further studies are needed with specific analysis on the impact of occupational risk factors of VV.
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